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^ Claims 

What is claimed is: 


The apparatus of ciaim 1. wherein the expansion device comprises- 
a tapered expansion cone. comprises. 


3. (Canceled) 

4- The apparatus of claim 3, wherein ^ expans , on dev|c8 

a toctuns devtce ^ to ^ actuator ^ ^ ^^ bte 

,0^ IT '° - — «« — 
expansion cone relattve to the expandable tubular member. 

5. The ^apparatus of Calm ,. wherein the expansion device composes: 
a rotary expansion device. 


The apparatus of Calm 1. where* ma vib ra toty device Is posted within a non- 


6. 

expanded portion of the expandable tubular member.' 


The a p Para tus of claim 1, wherein *e vibratory device is positioned within an 


expanded portion of the expandable tubular member. 
8. The 


expansion device. 


apparatus of claim ,. wherein me vibratory device „ phoned witnin „ 
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9. 


The apparatus of claim 1. wherein the vibratory device comprtae. a plurality of 
vibratory devices. 

w,th.n a non^xpanded portion of the expandable tubular member. 
POsi«onI7r h ParatUSOf ^ 

posmoned with.n an expanded portion of the expandable tubular member. 

12. The apparatus of olaim 10. wherein at .east another one of the vibratory devices is 
positioned within the expansion device. 

13. The apparatus of claim 11. wherein at least another one of the vibratory devices is 
portioned within the expansion device. 

wlthm an expanded portion of the expandable tubular member. 

15- The apparatus of claim 14. wherein at least another one of the vibratory devices is 
posmoned within the expansion device. 

16. The apparatus of ciaim 9, wherein at least another one of the vibratory devices „ 
pos,t.oned within the expansion device. 

,-| • 15. The apparatus of claim 1 , wherein the vibratory device comprises: 
a fluid powered vibratory device. 

,116. The apparatus of claim 1 , wherein the vibratory energy comprises- 
vibratory energy in one or more planes. 

, V 7 - The apparatus of claim 16. wherein the vibratory energy comprises- 

vrbratory energy having a frequency distribution having one or more center 
frequencies. 
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J018. The apparatus of claim 17. wherein the vibratory energy comprises- 

vibratory energy having a frequency distribution having « pIuralitv of ^ 
frequencies. 

19- The apparatus of claim 16. wherein the vibratory energy comprises: 
vibratory energy in a plurality of planes. 

20- The apparatus of claim 19. wherein the vibratory energy comprises- 
vibratory energy having a frequency distribution having one or more center 

frequencies. 

| 21 . The apparatus of claim 20. wherein the vibratory energy comprises: 

vbratory energy having a frequency distribution having a plurality of center 
frequencies. 

22. The apparatus of Calm 1 . wherein the vibratory energy comprises: 
vibratory enargy having a frequency distribution having one or mora center 

frequencies. 

23. The appara.ua of cfclm 22. wherein me vibratory energy comprises- 
vtbratory energy having a frequency distribution having a plurality a, canter 

frequencies. 

24. The apparatus o. claim ,. wherein me magnitude of the vibratory energy ,s variable. 

25. The apparatus of Cairn 1. wherein the magnitude of me vibrate* eneigyls conslant . 

26. Tbe apparatus of claim 1, wherein the p, ane of te vlbratoIy ^ fe 

27. The apparatus o, daim 1, wherein the plana of the vibratory energy Is constant 
wLre T " e ir ra ' US °' C,a ' m " * S ~* r comprises a 


casing. 
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29. The apparatus of claim 1 , wherein the expandable tubular member comprises a 
pipeline. 

30. The apparatus of claim 1 , wherein the expandable tubular member comprises a 
structural support. 

31. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 
an expansion device; 

injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; and 
displacing the expansion device relative to the expandable tubular member during 

the radial expansion and plastic deformation of the tubular member using an 

actuator coupled to the expansion device- 

32. (Canceled) 

33. The method of claim 32, further comprising: 

fixing the position of the expandable tubular member relative to the expansion device 


34. The method of claim 31, further comprising: 

rotating the expansion device during the radial expansion and plastic deformation of 
the expandable tubular member. 

35. The method of claim 31 , wherein the vibratory energy is injected from a location 
within a non-expanded portion of the expandable tubular member. 

36. The method of daim 31, wherein the vibratory energy is injected from a location 
within an expanded portion of the expandable tubular member, 


during the axial displacement of the expansion device relative to the 
expandable tubular member. 
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wL ^ me,h0d °I **" 31> WhSrein '*• * bratory ene ^ * «— from a localon 
within the expansion device. 

iLo„r ° ,C,aim 31> " ,he Mbra, °* ene ^ ls •»» • « of 

40. The method of dalm 39. wherein at .east another portion of the vibratory enemy is 
.nfecea from . , ocatlw , within an ^ ^ ^ 

.'nL. J,"" m T° d 01 C ' ai ' , ' 39 ' Whereln * 16354 Bnother <"*" * •» vibratory enemy is 
injected from a location within the expansion device. 

4Z The method of claim 40. whe re in at least anofter portion of the vibratory enemy is 
injected from a location within the expansion device. W 

injected from a ,oce„on wKh,„ an expanded portion of J*e expandable tabular member. 

injecting fiuidic materials Into the expandable tubular member. 

47. The method of claim 31, wherein the vibratory energy comprises- 
vibratory energy In one or more planes. 
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48. The method of daim 47. wherein the vibratory energy comprises- 

vtbratoty energy having a frequency distribution having one or more canter 
frequencies. 


49. The method of claim 48. wherein the vibratory 


energy comprises: 


vtbratory energy having . fluency dlstribution haying , 
frequencies. 

50. The method of claim 47. wherein the vibratory energy comprises- 
vibratory energy in a plurality of planes. 

51. The method of claim 50, wherein the vibratory energy comprises- 
moratory energy having a frequency ^ 

frequencies. 

52. The method of olaim 51 . wherein the vibratory ene^y comprises- 
vibrato^ energy hav ,n B a frequency distribution having a pluraiity of center 

frequencies, 

53. The method of daim 31, wherein the vibratory energy comprises- 
vtbratory energy having a frequency dlelribution having one or mora center 

frequencies. 

54. The method of daim 53. wherein the vibratory ene„y comprise* 
vtbratoty energy having a frequency distribution having a plurality of center 

frequencies. 

» The method of dalm 31. wherein the magnitude o, the vibrato^ enemy is variabie. 
=6. The method of daim 3,. wherain the magnitude of the vibratory energy is constant. 

57. The method of dalm 31. wherain the plane of me vibratory enemy is variabie. 

58. -me method of claim 31. wherein ft. plane * the vibratory energy is constant. 
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59 


.-ji^t* of dalm 31 - wharein *• "~ b memb - ~ - 


60. 


pipeline 


61 


The method of Cairn 31, wherein the expandabie tubu.ar member comprises a 


structurl^r ^ ^ ~* es a 

Lee oT TT ° f C ' a,m 1 ' WherS ' n ^ coupled to the expansion 

63. The method of claim 31 , further comprising- 

injeoung victory ane^y ,mo «ne axpandabie tubutar me mber and the expansion dev,,*. 

^ ~ - g and p^d^ an a*panda btetubu ,a r 

means for nsdiaKy expanding and p.as«ca»y deformlng expandaWe , ubu , ar 

member using an expansion device; 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; and 
actuator means for displacing the expansion device relative to the expandable 

tubular member during the radial expansion and plastic deformation of the 

expandable tubular member. 

65. (Canceled) 

66. The system of claim 65, ftjrther comprising- 

means for fixing the position of the expandable tubular member relative to the means 
for d.splacing the expansion device during the axial displacement of the 
expansion device relative to the expandable tubular member 
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67. The system of claim 64, further comprising: 

means for rotating the expansion device during the radial expansion and piastic 
deformation of the expandable tubular member. 

68- The system of claim 64. wherein the vibratory energy is injected from a location 
w,th,n a non-expanded portion of the expandable tubular member. 

6* The system of claim 64, wherein the vibratory energy is injected from a iocation 
w,th,n an expanded portion of the expandable tubular member. 

seated tfom a location a nonpar** portion of the expandable JLar nlbe, 

ILedlTT" * ^ ^ a * teaS * an0,hSr POrtton <* *• vto—y energy is 

■mected from a locabon wlthln an expended portion of me expandable tobuiarmembT 

^ lIL IT SyS,em " C[3<m 7Z W " ereln - ,east ano,her " ortte " * *• vibrato^ enemy ,s 
injected from a location within lha axpanslon devica. 9 

75. The system of Calm 73. whan* at least anothar portion of tha vibratcy energy is 
injected from a location within tha axpanslon devica. W 

76. T^^ten.ofclalmfl.wharalnatlaastsomaportionofthavibratorvanarovh 
.nisctsd from a location ^ a n axpandad portion of .a expandabla ^ ZL 

injected IT !* C ' a ' m 76 ' Whe,Ein a * ^ an0ther ^ «**• Oratory energy ,s 
injected from a location within the expansion device. 
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78. The system of claim 71 , wherein at least a portion of the vibratory energy , s i niected 
from a location within the expansion device. 

Ixoandlblirr ^ C ' aim Wherei ° injSCtin9 Vibrat0fy ^ * I— °ne of the 
expandable tubular member and the expansion device comprises- 

-njecting fiuidic materials into the expandable tubular member. 

80. The system of claim 54, wherein the vibratory energy comprises- 
vibratory energy in one or more planes. 

81. The system of Calm 80. wherein the vibratory energy comprises: 
oratory energy having a frequency distribution having one or more center 

frequencies. 

62. ^^°'0 IatoS 1. wh e rein « h « >vlbra1o ^ eneigycoIJlpr(ses: 

vbratory an ew navln9 a fraquenoy _ p , ^ 

frequencies. 

83. The system of Caim 80, wherein the vibratory energy comprises- 
vibratory energy in a plurality of planes. 


84. The system of claim 83, wherein the vibratory 


energy comprises: 


9 vibratory energy havln 9 a frequency distnbuBon hevlng one or more center 

frequencies. 

85. The system of daim 84, wheretn the vibratory energy comprises: 
vibratory energy having a frequency distribution having a piurality of center 

frequencies. 

86. The system of dalm 64, wherein the vibratory energy comprises- 
"oratory anergy having a frequency distribution having one or more center 

frequencies. 
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87. The system of claim 86, wherein the vibratory energy comprises; 
vibratory energy having a frequency distribution having a plurality of center 

frequencies. 

88. The system of claim 64, wherein the magnitude of the vibratory energy is variable. 

89. The system of claim 64, wherein the magnitude of the vibratory energy is constant. 

90. The system of claim 64, wherein the plane of the vibratory energy is variable. 

91 . The system of claim 64, wherein the plane of the vibratory energy is constant. 

92. The system of claim 64, wherein the expandable tubular member comprises a 
welbore casing. 

93. The system of claim 64, wherein the expandable tubular member comprises a 
pipeline. 

94. The system of claim 64, wherein the expandable tubular member comprises a 
structural support. 

95. The system of daim 64, further comprising: 

means for injecting vibratory energy into the expandable tubular member and the 
expansion device. 

96. The apparatus of claim 19, wherein one of the planes is radial; and wherein another 
one of the planes is longitudinal. 

97. The method of claim 50, wherein one of the planes is radial; and wherein another 
one of the planes is longitudinal. 

98. The system of claim 83, wherein one of the planes is longitudinal; and wherein 
another one of the planes is radial. 
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99. The apparatus of claim 1, further comprising: 

a vibratory device coupled to the eirnan^n w„ • * 

imnart , tneeXpans ' ondevice ^ generating vibratory ef ,ergy to 

impart rotation to the expansion device. 

100. The method ofclaim 31, further comprising- 

Necking ^ratory energy into the expansion device to impart rotation to the 
expansion device. 

101. The system of claim 64. further comprising: 

means for injecting vibratory enemy Into lha»v«,„.._ ^ . 

the expansion devil. ^ 0 " '° ^ «**" to 

z^. ^zz^ ^ andins and ^ *> «— 

and piasttc defamation of the expanded tubular member. 

.mpacting the expandable tubular member. 

means for .mpacting the expandable tubular member. 
ZnTdST" " **" **» * « * -c, the 
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Za ^ ^ ^ 31 • injeCt,n9 V,brat0ry into at on. Of the 

expandable tubular member and the expansion device, comprises; 

impacting the expansion device. 

1 08. The system of Calm 64. wherein means for Injecbng Moratory enemy into a, teas, 
one of ihe expandable tubuiar member and the expansion device, comprises- 

means for impacting the expansion device. 

109. The method of claim 31. further comprising: 

inserting ,he expansion device and the expandabie tubular member into a preexisting 
structure; and 

£ 'meeting vibratory energy into a. leas, one of the expandable tubular member and the 

expansion device during the insertion. 


110. 


The method of claim 31, further comprising; 

removing the expansion device and the expandable tubular member from a 

preexisting structure; and 
inieoBng vibratory energy into at least one of the expandable tubular member and the 

expansion device durtng the removal. 


expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member and 
a vbratony device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the expansion device comprises one or more externa, arcuate spherical 
surfaces. K 

1 12. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expand.ng and plastically deforming the expandable tubular member; and 
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a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the expansion device comprises one or more external arcuate elliptical 
surfaces. 

113. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the expansion device comprises one or more external arcuate hyperbolic 
surfaces. 

114. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the expansion device comprises one or more external arcuate surfaces that 
are faceted. 

115. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 

wherein the expansion device comprises one or more external arcuate spherical 
surfaces. 
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~ *-™n devics one of ^ extemai arcua(e ^ 

~:;r nslon **• ° ns ° r — «- **** 
rad,a ^~r nd dafe,min9 *■ *— ~ 

an expansion device; and 


1-1 


~;~ n devioe °° mprises one - ™ re — «- « 
r^rcC: ,or radla " y expandin9 and * - «** 

an "»-»*"**» — in » e expand ^ member for 

*xpand,n 9 and pbsScany defOTmI ng m e expandable ^ member; an<J 
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a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the expansion device comprises a rotary expansion device. 

120. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member by 
rotating an expansion device within the expandable tubular member; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

v expansion device. 

? 

121. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory device is positioned within an expanded portion of the 
expandable tubular member. 

1 22. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member by using 

an expansion device within the expandable tubular member; and 
injecting vibratory energy into at least one of the expandable tubular member and the 
expansion device from a location within the radially expanded and plastically 
deformed portion of the expandable tubular member. 

1 23. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member, and 
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a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory device is positioned within the expansion device. 

1 24. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member by using 
an expansion device within the expandable tubular member; and 

injecting vibratory energy Into at least one of the expandable tubular member and the 
expansion device from a location within the expansion device. 

125. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory device comprises a plurality of vibratory devices. 

v 1 26. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member by using 
an expansion device within the expandable tubular member; and 

injecting vibratory energy into at least one of the expandable tubular member and the 
expansion device from a plurality of discrete spaced apart locations. 

1 27. An apparatus for radially expanding and plastically deforming an expandable tub. ilar 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member and 
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a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having a plurality of center frequencies. 

128. A method of radially expanding and plastically deforming an expandable tubulnr 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member by using 

an expansion device within the expandable tubular member; and 
injecting vibratory energy into at least one of the expandable tubular member end the 
expansion device; 

wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having a. plurality of center frequencies. 

1 29. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 
a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device: 

wherein the vibratory energy comprises vibratory energy having a frequency 

distribution having a plurality of center frequencies; and 
wherein the vibratory energy comprises vibratory energy in a plurality of planes. 

1 30. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member by using 
an expansion device within the expandable tubular member; and 

injecting vibratory energy into at least one of the expandable tubular member and the 
expansion device; 

wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having a plurality of center frequencies; and 


■J 
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wherein the vibratory energy comprises vibratory energy in a plurality of planes. 

131 . An apparatus for radially expanding and plastically deforming an expandable lubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory enorgy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the plane of the vibratory energy is variable. 

132. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member by using 
an expansion device within the expandable tubular member; and 

injecting vibratory energy into at least one of the expandable tubular member and the 
expansion device; 

wherein the plane of the vibratory energy is variable. 

133. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory energy has a center frequency of about 40 Hz. 

134. a method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member by using 
an expansion device within the expandable tubular member; and 

injecting vibratory energy into at least one of the expandable tubular member and the 
expansion device; 
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wherein the vibratory energy has a center frequency of about 40 Hz. 

1 35. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising; 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device: 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; and 
means for rotating the expansion device during the radial expansion and plastic 

deformation of the expandable tubular member. 


1 36. A system for radially expanding and plastically deforming an expandable tubulsir 
member, comprising; 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device from a location within the radially 

expanded and plastically deformed portion of the expandable tubular 

member. 

1 37. A system for radially expanding and plastically deforming an expandable tubulai 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device from a location within the expansion 

device. 

1 38. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member and 
a vibratory device coupled to the expansion device for imparting rotation to the 


expansion device. 
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1 39. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 
an expansion device; and 

injecting vibratory energy into expansion device to impart rotation to the expansion 
device. 

140. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
increasing the plasticity and formability of the expandable tubular before the radial 

expansion and plastic deformation of the expandable tubular member. 

141 . A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for increasing the plasticity and formabirrty of the expandable tubular before 

the radial expansion and plastic deformation of the expandable tubular 

member. 


1 42. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
increasing the plasticity and formability of the expandable tubular during the radial 

expansion and plastic deformation of the expandable tubular member. 

1 43. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 
member using an expansion device; and 
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means for increasing the plasticity and formability of the expandable tubular during 
the radial expansion and plastic deformation of the expandable tubulai 
member. 


1 44. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; 
injecting vibratory energy into one or more of the expansion device and the 

expandable tubular member, wherein the injected vibratory energy is provided 

in an initial plane, has an initial center frequency, and has an initial amplitude; 

and 

during the radial expansion and plastic deformation of the expandable tubular 
member: 

a) incrementing at least one of the plane, center frequency, and amplitude for 

the injected vibratory energy; 

b) monitoring the amount of energy required to continue the radial expansion 

and plastic deformation of the expandable tubular member; and 

c) repeating steps a) and b) until the completion of the radial expansion and 

plastic deformation of the expandable tubular member. 

145. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; 
means for injecting vibratory energy into one or more of the expansion device and 

the expandable tubular member, wherein the injected vibratory energy is 

provided in an initial plane, has an initial center frequency, and has an initial 

amplitude; and 

means for during the radial expansion and plastic deformation of the expandable 
tubular member 

a) means for incrementing at least one of the plane, center frequency, and 
amplitude for the injected vibratory energy; 
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b) means for monitoring the amount of energy required to continue the radial 

expansion and plastic deformation of the expandable tubular member; 
and 

c) means for repeating steps a) and b) until the completion of the radial 

expansion and plastic deformation of the expandable tubular member. 

146. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; 
injecting vibratory energy into one or more of the expansion device and the 

expandable tubular member, wherein the injected vibratory energy is provided 

in an initial plane, has an initial center frequency, and has an initial amplitude; 

and 

during the radial expansion and plastic deformation of the expandable tubular 
memben 

a) incrementing two or more of the plane, center frequency, and amplitude for 

the injected vibratory energy; 

b) monitoring the amount of energy required to continue the radial expansion 

and plastic deformation of the expandable tubular memben and 

c) repeating steps a) and b) until the completion of the radial expansion and 

plastic deformation of the expandable tubular member. 

1 47. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; 
means for Injecting vibratory energy into one or more of the expansion device and 

the expandable tubular member, wherein the injected vibratory energy is 

provided in an initial plane, has an initial center frequency, and has an initial 

amplitude; and 

means for during the radial expansion and plastic deformation of the expandable 
tubular member; 


40 

AMEND© SHEET 


pCT/USQ3/3lfe5Q „i002200S 

25791.157.02 


a) means for incrementing two or more of the plane, center frequency, and 

amplitude for the injected vibratory energy; 

b) means for monitoring the amount of energy required to continue the radial 

expansion and plastic deformation of the expandable tubular member; 
and 

c) means for repeating steps a) and b) until the completion of the radial 

expansion and plastic deformation of the expandable tubular member. 

148. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the expansion device further comprises: 

a locking device coupled to the actuator for fixing the position of the expandable 

tubular member relative to the actuator during the axial displacement of the 
expansion cone relative to the expandable tubular member. 

1 49. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory device is positioned within a non-expanded portion of the 
expandable tubular member. 

1 50. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 
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a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory device is positioned within an expanded portion of the 
expandable tubular member. 

151. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory device is positioned within the expansion device. 

1 52. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory device comprises a plurality of vibratory devices. 

1 53. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 
a plurality of vibratory devices coupled to the expansion device for generating 

vibratory energy to agitate at least one of the expandable tubular member and 

the expansion device; 
wherein at least one of the vibratory devices is positioned within a non-expanded 

portion of the expandable tubular member. 
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154. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; und 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having one or more center frequencies. 

1 55. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having one or more center frequencies. 

1 56. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having one or more center frequencies. 

1 57. An apparatus for radially expanding and plastically deforming an expandable tubi .lar 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 
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a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the magnitude of the vibratory energy is variable. 

1 58. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member, and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the plane of the vibratory energy is variable. 

1 59. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member, and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

\ wherein the expandable tubular member comprises a welbore casing. 

1 60. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the expandable tubular member comprises a pipeline. 

161 . A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 
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radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 

wherein injecting vibratory energy into at least one of the expandable tubular member 
and the expansion device comprises injecting fluidic materials into the 
expandable tubular member. 

1 62. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 

wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having one or more center frequencies. 

1 63. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 

wherein the vibratory energy comprises vibratory energy in a plurality of planes; and 
wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having one or more center frequencies. 

1 64. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 
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wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having one or more center frequencies. 

1 65. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 
wherein the magnitude of the vibratory energy is variable. 

1 66. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising; 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 

wherein the plane of the vibratory energy is variable. 

167. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 
wherein the expandable tubular member comprises a welbore casing. 

168. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 
wherein the expandable tubular member comprises a pipeline. 
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1 69. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; 
wherein means for injecting vibratory energy into at least one of the expandable 

tubular member and the expansion device comprises: injecting fluidic 

materials into the expandable tubular member. 

1 70. A system for radially expanding and plastically deforming an expandable tubula r 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; 
wherein the vibratory energy comprises vibratory energy in one or more planes; and 
wherein the vibratory energy comprises vibratory energy having a frequency 

distribution having one or more center frequencies. 

171 . A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; 
wherein the vibratory energy comprises vibratory energy in a plurality of planes; and 
wherein the vibratory energy comprises vibratory energy having a frequency 

distribution having one or more center frequencies. 

1 72. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 
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means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; 
wherein the vibratory energy comprises vibratory energy having a frequency 

distribution having one or more center frequencies. 

1 73. A system for radially expanding and plastically deforming an expandable tubuh-ir 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; 
wherein the magnitude of the vibratory energy is variable. 

1 74. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; 
wherein the plane of the vibratory energy is variable. 

1 75. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device: 
wherein the expandable tubular member comprises a welbore casing. 

1 76. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 
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means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; 
wherein the expandable tubular member comprises a pipeline. 

1 77. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising; 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 
a vibratory device coupled to the expansion device for generating vibratory energy to 
agitate at least one of the expandable tubular member and the expansion 
device; 

wherein the vibratory energy comprises vibratory energy in a plurality of planes: 
wherein one of the planes is radial; and 
wherein another one of the planes is longitudinal. 

178. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

an expansion device movable in the expandable tubular member for radially 

expanding and plastically deforming the expandable tubular member; and 
^ a vibratory device coupled to the expansion device for generating vibratory energy to 

agitate at least one of the expandable tubular member and the expansion 
device; and 

a vibratory device coupled to the expansion device for generating vibratory energy to 
impart rotation to the expansion device. 

1 79. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
injecting vibratory energy into at least one of the expandable tubular member and the 

expansion device; 

wherein the vibratory energy comprises vibratory energy in a plurality of planes: 
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wherein one of the planes is radial; and 
wherein another one of the planes is longitudinal. 

1 80. A method of radially expanding and plastically deforming an expandable tubulnr 
member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 
an expansion device; 

injecting vibratory energy into at least one of the expandable tubular member s.nd the 

expansion device; and 
injecting vibratory energy into the expansion device to impart rotation to the 

expansion device. 

181. A system for radially expanding and plastically deforming an expandable tubular 
member, comprislng: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; 
wherein the vibratory energy comprises vibratory energy in a plurality of planes; 
wherein one of the planes is longitudinal; and 
wherein another one of the planes is radial. 

1 82. A system for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; 
means for injecting vibratory energy into at least one of the expandable tubular 

member and the expansion device; and 
means for injecting vibratory energy into the expansion device to impart rotation to 

the expansion device. 
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